One of the most popular long-term datasets of energetic particles used in, e.g., long-term radiation belt studies and in atmospheric/climate studies is perhaps the NOAA/POES (Polar Orbiting Environmental Satellites) dataset, which extends nearly continuously from 1979 to present. The energetic particle measurements by the MEPED instrument (Medium Energy Proton and Electron Detector) onboard the POES satellites have had many instrumental problems, which have made quantitative estimates of energetic particle fluxes somewhat difficult. However, in the recent years these instrumental deficiencies have been studied and corrected. Here we aim to construct a new long-term composite record of energetic electrons based on the MEPED data. In this study we point out that there are also other remaining factors, not related to instrument construction, which still severely impact the overall homogeneity of the 39-year POES dataset. We concentrate here on studying and correcting two issues: 1) temporally varying background noise related to cosmic rays and 2) drift in the orientation of satellite orbital planes, which changes the sampling location of the satellites over time. In particular we show that the drift of satellite orbital planes leads to rather large changes in the electron fluxes over time, which could be misinterpreted as true temporal changes without the corrections. These changes can be rather large, a factor of 3 or more in the poleward edge of the precipitation zone, and are likely to have a large impact, e.g., on atmospheric ionization estimates based on POES data.
Introduction
Currently one of the most widely used dataset on precipitating energetic particles in atmospheric studies is the NOAA/POES (Polar Orbiting Environmental Satellites) dataset, which spans nearly continuously from 1979 to present. During the 39 years of operation the POES program has consisted of 14 satellites altogether, with five still operational.
However, it has been long recognized that the energetic particle measurements by the MEPED instrument (Medium Energy Proton and Electron Detector) onboard the POES satellites has numerous instrumental problems, which have made quantitative estimates of energetic particle fluxes somewhat problematic. In the recent years significant effort has been put into understanding and correcting these instrumental deficiencies. Asikainen and Mursula [2011] and Asikainen et al. [2012] studied the radiation damage induced degradation and effects of electronic noise of MEPED proton detectors and presented correction factors and associated methods to correct the proton measurements of all POES satellites. Recently also Sandanger et al. [2015] and Ødegaard et al. [2016] studied the effects of radiation damage with slightly different methodology and also essentially verified the earlier results.
From an atmospheric viewpoint precipitation of energetic electrons is perhaps even more interesting than proton precipitation, since electrons penetrate deeper in the atmosphere than protons of similar energies. However, the MEPED electron measurements are well known to be contaminated by energetic protons, which can also penetrate the electron instrument through the shielding foil that covers the instrument aperture. Asikainen and Mursula [2013] studied the response of MEPED detectors to electrons and protons c 2019 American Geophysical Union. All Rights Reserved.
and showed that the difference in the thickness of the shielding foil of SEM-1 MEPED instruments (flown on satellites up to NOAA-14) vs. SEM-2 instruments (flown starting with NOAA-15, launched in mid-1998) leads to a significant systematic difference in the electron measurements by these two instrument versions. Asikainen and Mursula [2013] presented modeled instrument efficiency curves and associated methodology to correct the electron measurements for contamination due to energetic protons and to calibrate them for non-ideal instrument efficiencies. These corrections were shown to greatly reduce the differences due to instrument design and to improve the homogeneity of the entire POES data series.
However, as we will show in this study, there are also other remaining problems which cause long-term biases and inhomogeneities in the 39-year long POES electron dataset.
The first problem is a background noise level in the electron measurements, which is not related to electrons but rather to cosmic rays penetrating the instrument. Since cosmic rays vary with time (roughly in anti-phase with the sunspot cycle) this background noise level also slowly varies with time. In order to obtain a clean dataset for electron precipitation this varying background level needs to be removed.
The second problem is related to the drift in the orientation of satellite orbital planes over long periods of time. For some of the longest running satellites, e.g., this drift is rather large, over 6 MLT hours. Because particle populations in space are highly dependent on magnetic local time, such large orbital drifts are expected to lead to potentially large changes in the observed fluxes. Accordingly, some part of the longterm changes in the measured fluxes, especially in decadal scale, result from orbital plane changes misinterpreted as true temporal change in the fluxes. It should be noted that c 2019 American Geophysical Union. All Rights Reserved.
while the cosmic ray noise is a general problem of electron data quality the flux change related to orbital plane drift is not a problem per se if one is specifically considering the MLT distribution of the fluxes. The orbital plane drift only becomes a problem if one wishes to obtain a spatially and temporally homogeneous record of the fluxes.
The third and most severe problem is related to the orientation of the two nearly orthogonal telescopes in the SEM-1 and SEM-2 carrying satellites. The orientations of both the local vertical telescope (0
• telescope) and the local horizontal telescope (90
differ between SEM-1 and SEM-2. Since the pitch angle distributions of electrons are typically anisotropic the systematic difference in telescope orientations means that the SEM-1 and SEM-2 telescopes systematically measure different pitch angles and thus a different part of the electron pitch angle distribution. This is expected to lead to a systematic difference between SEM-1 and SEM-2 electron fluxes. Furthermore, this difference is dependent on latitude, since the pitch angles of the telescopes depend predominantly on the latitude on the polar orbits of the POES satellites.
In this paper we will discuss and correct the varying background noise floor and variations related to orbital plane drift. The inhomogeneity caused by differing telescope orientations in SEM-1 and SEM-2 will be discussed and corrected in a follow-up paper (part 2 of this work). For the purpose of creating a long-term homogeneous dataset with sufficient spatial and temporal resolution to be used, e.g., in atmospheric and radiation belt studies we construct a spatial distribution of energetic electrons as a function of corrected geomagnetic latitude and magnetic local time in daily time resolution for both hemispheres. In Section 2 we will shortly review the MEPED data and construction of the daily flux distributions. In Section 3 we discuss the identification and removal of the c 2019 American Geophysical Union. All Rights Reserved.
varying background noise floor from the measurements before other corrections. Section 4 discusses the Magnetic Local Time distribution of electrons and presents a method of removing the long-term variation in the fluxes caused by changing orientation of the satellite orbits. In Section 5 we evaluate the effect of these two corrections on the data.
Section 6 presents a summary and conclusions. The orientations of the SEM-1 and SEM-2 telescopes differ significantly. In both instrument versions the 0 • telescopes point roughly in the radial direction (outward from c 2019 American Geophysical Union. All Rights Reserved.
Earth) with only a small, but significant difference in telescope orientation. In SEM-1 the
90
• telescope points roughly perpendicular to the satellite orbital plane, while in SEM-2 it points anti-parallel to satellite velocity being thus almost perpendicular to the orientation of the corresponding SEM-1 telescope. SEM-1 and SEM-2 versions of the MEPED electron detector also have some important differences in instrument construction. The most important difference in the detector is the thickness of the nickel foil shielding the instrument aperture from low energy protons, which also affects the instrument sensitivity. The MEPED electron telescope sensitivities to electrons and protons were recently modeled by Asikainen and Mursula [2013] , and they presented efficiency functions and algorithms to calibrate the electron measurements. The electron calibration was performed by removing the contamination due to energetic protons by using the NOAA/POES proton measurements recently corrected for effects of radiation damage and electronic back detector noise [Asikainen and Mursula, 2011; Asikainen et al., 2012] and correcting the fluxes by the modeled electron efficiencies. It was noted that in the higher E2 and E3 energy channels the proton contamination can seriously affect the measurements and sometimes even dominate the real electron fluxes. It was also noted that the sensitivity differences between the two MEPED versions cause a significant overall difference between the measured fluxes (on average a factor of about 2 in the E1 channel, where the effect is largest), which is eliminated by the calibrations. More detailed information about the SEM-1 instruments are given by Hill et al. [1985] ; Seale and Bushnell [1987] ; Raben et al. [1995] and about the SEM-2 instruments by Evans and Greer [2000] ; Green [2013] respectively.
Note, however, that our data processing is based on the raw MEPED data and not on the processing methodology described by Green [2013] . 
Daily latitude distributions of electrons
The purpose of this work is to produce a spatially and temporally homogeneous longterm energetic electron dataset with sufficient spatial and temporal resolution to be used, e.g., in studying and modeling the atmospheric response of electron precipitation and long-term evolution of the radiation belts. To this end we first computed for each day the average electron fluxes in 2 • wide bins of Corrected Geomagnetic Latitude (CGMlat) [Gustafsson et al., 1992] of the foot of the field line (FOFL, set at 120 km altitude) threading the satellite location poleward from 40
• latitude (i.e., L ≈1.75) in both hemispheres.
The fluxes below this latitude were omitted, since they are usually very small except in the region dominated by the South Atlantic Anomaly. The measurements in this region may also have some problems related to calibration caused by the very large fluxes of relativistic electrons, which may contaminate the proton measurements [Yando et al., 2011] that are needed to remove proton contamination from the electron measurements.
The CGMlat is essentially computed by tracing the magnetic field line determined from the IGRF magnetic field model from the FOFL point to the magnetic equator and then tracing back from that point to the same FOFL altitude along a dipolar magnetic field line. It should be noted that the CGMlat at the FOFL point, λ fofl , is approximately related to the L-value of the field line by the equation L = cos −2 λ fofl . Unlike geographic or even dipolar geomagnetic coordinates, the corrected geomagnetic coordinates organize the particle fluxes on roughly constant CGM latitudes much like using the L-value as the organizing parameter. However, the advantage of using CGMlat instead of L-value is that c 2019 American Geophysical Union. All Rights Reserved.
the satellites sample all CGM latitudes with the same rate, i.e., the number of data points in each CGMlat bin is roughly constant along the orbit. Due to the relation between Lvalue and invariant latitude the number of data points per unit L-value change decreases strongly as a function of L and causes the low L-values to be sampled at much higher rate than the higher L-values, where actually most of the particle precipitation occurs. The daily CGMlat distributions of the electron fluxes were computed separately for the three energy channels in each satellite, each telescope and each quarter of the satellite orbit (i.e., two opposite MLT sectors from north and south).
To give a broad overview of the temporal evolution of the latitude distribution of elec- hemispheres and both telescopes in all energy channels. This discontinuity is caused by the difference of telescope viewing directions between SEM-1 and SEM-2 instruments.
We will discuss these differences and their correction in a follow-up paper. While the difference between the SEM-1 and SEM-2 telescope orientations causes the most visible inhomogeneity in the dataset there are other issues as well, which need to be addressed before the telescope orientation difference can be normalized. One of these is the removal of the cosmic ray noise background and the other is the normalization of the fluxes due to the drift in satellite orbits. In the next two sections we will discuss these two problems.
Removing the temporally varying noise floor
The top panel of Figure 3 shows as an example the E1, E2 and E3 fluxes of 90
• telescope at 86
• N-88
• N latitude from NOAA-15. In this line plot one can clearly see the varying background flux level superimposed with solar particle events seen as intermittent spikes.
Note that the fluxes related to solar particle events are partly due to energetic protons and partly due to energetic electrons. The proton contribution has been removed as a part of the proton decontamination [Asikainen and Mursula, 2013] . The remaining part, which is due to electrons is an important source of electron precipitation in the polar latitudes and has to be retained in the data. By experimenting with different methods we found that the noise level for a time series from a single latitude bin could be determined as follows. For each 181 day window we found the points where 1) the absolute difference in the linear flux between two consecutive days is less than 10 cts/cm 2 sr s and 2) the flux is below 150 cts/cm 2 sr s (i.e., log 10 (flux)=2.1761). After this we computed the average flux Y and average time T of these data points in each window. We then smoothed the windowed values with a 5 point running mean and finally, to obtain the daily noise flux c 2019 American Geophysical Union. All Rights Reserved.
level, we interpolated the smoothed values for each day with a smooth Piecewise Cubic Hermite Interpolating Polynomial (PCHIP). The results of this computation for the 90
• E1, E2 and E3 channels are also shown in the top panel of Figure 3 . One can see that this method can fairly well identify the varying noise floor. However, at some latitudes mostly between 46
• and 74
• , the ring current and radiation belt related fluxes are typically so high that the noise floor is difficult to identify. In those latitudes, where the noise floor could not be identified with the method described above we interpolated the noise levels with a PCHIP polynomial from those adjacent latitudes where identification could be made.
In the E1 and E2 energy channels the fluxes are typically so high at all latitudes except at the pole that reliable direct identification of the noise background cannot be done. One can also see from Figure 3 that the noise levels at different energy channels are different with the noise decreasing with energy. This is also generally true for other latitudes and satellites as well. However, the bottom panel of Fig. 3 , which shows the logarithmic ratios of E1/E3 and E2/E3 fluxes clearly indicates that the ratio of the varying noise levels at the different energy channels is relatively constant. By examining the different latitudes we found that the floors of the E1/E3 and E1/E2 flux ratios in these latitudes do not depend on the latitude. Assuming that the same holds true also for those latitudes where E1 and E2 noise floor cannot be directly observed but E3 can, we can use the E3 noise floor to estimate the noise floor of the other energy channels. When examining the E1/E3
and E2/E3 flux ratios at different hemispheres and different satellites we found that the ratios are also very similar in north and south and in all satellites, although with SEM-1 satellites having slightly larger ratios. We calculated for all satellites in both hemispheres c 2019 American Geophysical Union. All Rights Reserved.
the 5th percentile of the E1/E3 and E2/E3 flux ratios at each latitude bin poleward of 80
• and then took the median of these percentile values as estimates of the noise floor ratios. Roughly it was found that the E1/E3 logarithmic flux ratio was about 0.2 and for E2/E3 about 0.1, with small differences between hemispheres and satellites. Finally, the noise backgrounds of E1 and E2 channels were estimated by adding the offset implied by these logarithmic noise floor ratios to the logarithmic E3 noise floor.
After the noise levels for each latitude bin, telescope and energy channel were determined the noise level was subtracted from the data in linear scale. This was done separately for all satellites in the two opposite MLT sectors and hemispheres. Those flux values, which became negative after the subtraction were set to zero. As a typical result of the noise removal procedure Figure 4 displays the original data (blue), noise corrected data (red) and the determined noise level (black) for NOAA-15 in the dusk sector for three different latitude bins in the polar region (top), heart of the radiation belts (middle) and in the innermost magnetosphere inside the inner radiation belt (bottom). One can see that the procedures outlined above effectively remove the varying noise level and set the remaining fluxes at a constant baseline level at all latitudes. The noise removal has largest effect on those fluxes which are close to the flux level of 100 cts/cm 2 sr s, but has a negligible effect on larger fluxes observed during active times.
Correcting for the MLT drift of orbital planes
It is known that the intensity of energetic electron populations in space and the various processes that scatter them into the loss cone are highly dependent on the MLT sector [e.g., Lam et al., 2010] . This is a concern for the homogeneity of the MEPED dataseries if the orientations of the satellite orbital planes change considerably with time. 
where F MLTnorm,i (t) is the MLT normalized flux at latitude bin i. We used this same equation and the MLT distributions estimated for SEM-2 satellites to normalize also the fluxes of SEM-1 satellites, because SEM-1 satellites do not have a sufficient MLT coverage to directly estimate the MLT distribution for them. Even though there is a systematic difference in the fluxes between SEM-1 and SEM-2 due to the telescopes pointing in c 2019 American Geophysical Union. All Rights Reserved. different directions, this difference is mainly seen as an offset in the logarithmic fluxes.
This means that the form of the MLT distribution in each latitude bin is very similar in SEM-2 and SEM-1 satellites and only differ by roughly a constant offset in logarithmic scale. In fact, we checked the differences of logarithmic fluxes between two opposing MLT sectors in the SEM-1 satellites and found that they closely agree with the MLT distributions derived from the SEM-2 data.
We also considered the daily MLT distribution of the fluxes and found that they depict considerable scatter with a range of several orders of magnitude (not shown). Thus the MLT distributions of any given day can deviate significantly from those determined by the fits based on monthly averages. Furthermore, the deviations of the distribution from the fit depends on the MLT indicating that also the form of the daily MLT distribution can vary significantly. This means that the MLT distributions found above cannot be taken as an accurate measure of daily MLT distribution but can only be used to make a rough statistical estimate of how the flux changes due to relatively small changes of MLT.
To obtain an overall view of the relative MLT distributions over all latitudes fluxes were normalized for the MLT change. As a general feature one can see that the 0
• and 90
• fluxes tend to maximize relative to midnight at the dawn to noon sector, which is consistent with the distribution of whistler mode chorus waves mainly thought to be responsible for the pitch angle scattering of electrons at these energies [e.g., Lam et al., 2010; Meredith et al., 2011] . An exception to this general pattern is the 0 • E3 fluxes, which are slightly smaller at the dayside than at nightside (Fig. 7c) . the fluxes are mostly lost into the suppressed noise background. The SEM-1 satellites have a better visibility of 0 • E3 fluxes due to the fact that the telescope samples slightly larger pitch angles than the corresponding SEM-2 telescope. These differences will be discussed in the follow-up paper in more detail.
Evaluation of corrected data
The effect of the MLT normalization is less visible in Figures 10 and 11 . Thus, for better evaluation of the net effect introduced by the noise removal and the MLT normalization, Figure 12 displays the ratio between corrected and original flux composites from the 0
• telescope shown in Figures 10 and 1 respectively. Figure 13 shows the corresponding ratios 5 ). This correction can increase the fluxes up to a factor of more than 3 at these latitudes. This was also seen before in Figure 9 . Thus, the MLT normalization is important and without it the flux decrease at these latitudes c 2019 American Geophysical Union. All Rights Reserved.
would be misinterpreted as a temporal change, when in fact it is due to a spatial change of the satellite location.
Summary and conclusions
The energetic particle measurements from the MEPED instrument onboard the NOAA/POES satellites currently form the most important long-term dataset providing information about precipitation of energetic electrons and protons into Earth's atmosphere.
Previous work on this dataset has solved many problems related to instrument degradation and calibration and have greatly improved the quality of the data [Asikainen and Mursula, 2011; Asikainen et al., 2012; Asikainen and Mursula, 2013; Asikainen, 2017] . Based on these previously corrected energetic electron measurements we here first composed from each satellite the daily averaged latitude distribution of electrons in three integral energy channels, two nearly orthogonal telescopes, two opposite magnetic local time sectors and two hemispheres. This dataset can provide information about the latitudinal distribution of electron precipitation in daily time resolution.
By studying this dataset we found that even after the correction of instrumental issues there remained mainly three problems that still cause significant spatial and temporal inhomogeneities in the data series from 1979 to present. In this paper we addressed the first two problems, which are related to temporally varying background noise and to the slow drift of the satellite orbital planes, which changes the sampling location of the satellite.
We showed here that the energetic electron measurements suffer from background noise, which is mostly caused by cosmic rays varying in antiphase with the solar cycle. This background noise is not related to variation of electrons in the ring current and radiac 2019 American Geophysical Union. All Rights Reserved.
tion belts or to solar energetic particles and, thus needs to be removed. We showed that especially in the highest energy E3 channel measuring electrons above 300 keV the background noise significantly distorts the perceived long-term evolution of these fluxes. We developed methods, which allow us to identify and remove the temporally varying background noise level separately in each latitude. This greatly improved the overall visibility of the electron fluxes in all energy channels. However, in 0 • telescope of SEM-2 satellites the highest energy electron fluxes are often so small that they remain below the limit of detectability and cannot be distinguished from the noise background.
We showed that the orientations of the satellite orbital planes slowly drift in magnetic local time over long time periods (of the order of 10-30 years). It was shown that because the energetic electron populations around Earth are strongly organized by MLT, the drift of the satellite orbital plane led to slow temporal drift in the electron fluxes, which could easily be misinterpreted as real temporal change of the flux level related, e.g., to simultaneous solar cycle variations. Fortunately, with the rather large number of operational POES satellites from 2006 to present in differently oriented orbits the MLT coverage of measurements was sufficient to estimate the average MLT-latitude distribution of fluxes in both hemispheres. Using these distributions we were able to normalize the measurements to compensate the effects of satellite orbital drift. It was shown that these orbital drift related changes depend on the latitude and were strongest at the poleward edge of the outer radiation belt, where the magnitude of MLT drift-related change could be more than a factor of 3. Since the most significant atmospheric effects of electron precipitation are confined to the high latitudes, the large effects introduced at the poleward edge of the c 2019 American Geophysical Union. All Rights Reserved.
precipitation zone may have significant implications for the atmospheric effects of electron precipitation estimated from these data.
After the correction of these two problems the temporal homogeneity of the dataset was greatly improved, but there still exists a large difference between the measurements of SEM-1 and SEM-2 satellites. This is caused by the difference in telescope viewing directions between SEM-1 and SEM-2 satellites and will be discussed in a follow-up paper.
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